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Patients with suspected appendicitis comprise a large proportion of general surgical workload. The
resulting healthcare burden is signiﬁcant when one considers that investigations, observation and sur-
gical procedures are often needed. As no previous study has examined the cost of managing patients
with suspected appendicitis, we performed a cost analysis study of management of cases of right iliac
fossa (RIF) pain in University Hospital Limerick.
Patients who were admitted with right iliac fossa pain from 1st April 2011 to 4th May 2011 were
identiﬁed prospectively. After discharge, patients’ medical records were reviewed. Costing data collected
comprised details on length of stay, number and type of radiological investigations, number and type of
blood investigations, medications administered and operations performed. Costs for radiological in-
vestigations were obtained from casemix data. Blood investigation costs were obtained from relevant
laboratories. Medication costs were obtained from the pharmacy department. Operation costs were
based on the cost of equipment combined with cost relating to operating theatre time and recovery unit
time. Due to unavailability of data on Irish public hospital bed-day cost, a private hospital provided cost
details on this aspect.
94 patients (M ¼ 33, F ¼ 61) were admitted with RIF pain during this time period. 62 underwent
surgery. There were 53 appendicectomies performed with 42 (79%) positive for appendicitis on histo-
logical analysis. Blood test, radiology, pharmacy, operative and bed-day costs were V1857, V6252, V3517,
V184,191 and V152,706 respectively. The total estimated cost was V348,525 (V3708 average per patient).
There is a high cost associated with managing suspected appendicitis in Ireland. Strategies to reduce
cost include reducing unnecessary admissions and unnecessary operations. Reducing LOS may be
another potentially valuable cost saving method. It is imperative that resources are channelled into the
provision of accurate costing structures.
 2013 Surgical Associates Ltd. Published by Elsevier Ltd. All rights reserved.1. Introduction
Appendicitis is one of the most common surgical emergencies.1
Patients with right iliac fossa (RIF) pain and suspected appendicitis
are one of the most common groups of general surgical admissions.
These patients frequently require admission although initial di-
agnoses are often uncertain. The health system burden attributable
to these patients is signiﬁcant, when one considers that in-
vestigations and a period of observation are frequently needed,
with a surgical procedure following in certain cases. While
several previous studies,2e15 including a Cochrane review,16 haveþ353 61 233778.
otmail.com (S.R. Walsh).
ciates Ltd. Published by Elsevier Ltexamined the cost of managing patients with appendicitis, there
has been no previous study on the cost of managing patients who
are admitted with suspected appendicitis.
Determining the cost of managing these patients is important in
order to guide future resource allocation and research directions.
Knowing the cost becomes important also when we consider that
many patients with suspected appendicitis subsequently are found
to have benign and self-limiting disease that would not have
necessitated admission if a clear diagnosis had been known.
Theoretical ways to reduce cost include achieving early diagnosis
with subsequent prompt discharge for those without serious dis-
ease and urgent surgical intervention for those with serious dis-
ease. With the budgetary problems of managing suspected
appendicitis in mind, we performed a prospective cost analysis
study of management of cases of RIF pain in the setting of a tertiary
referral teaching hospital in Ireland.d. All rights reserved.
Table 1
Summary of total costs displayed in ﬁve components.
Cost component Total cost
Blood tests V1857
Radiology V6252
Medications V3517
Operative costs V184,191
Hospital stay V152,707
Total cost V348,525
Average cost V3708
OA(n=14)non-operated(n=32)LA(n=39)DL(n=9)
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Summary of total costs displayed according to operation type
DL –diagnostic laparoscopy; LA – laparoscopic appendicectomy; OA – open appendicectomy.
Fig. 1. Boxplot of costs (in euro) displayed according to operation type, including pa-
tients who had no operation.
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The primary objective was to determine the cost of managing
consecutive patients who were admitted to University Hospital
Limerick (UHL) with RIF pain over a 5 week period from April 2011
to May 2011. Our secondary aim was to examine relationships be-
tween cost and gender, age, operation type (non-operated, diag-
nostic laparoscopy, laparoscopic appendicectomy or open
appendicectomy) and appendicitis severity (based on histology
reports of normal, inﬂamed or perforated specimens).3. Methods
All patients who were admitted under the on-call surgical team with RIF pain
from 1st April to 4th May 2011 were eligible for inclusion. There were no exclusion
criteria. RIF pain was deﬁned as abdominal pain with RIF tenderness on assessment
by the admitting surgical team member. Eligible patients were identiﬁed prospec-
tively by liaising with the on-call surgical team on a daily basis. All decisions
regarding management were made by the on-call team. If it was decided that aTable 2
Summary cost data (in euro) when patients are divided into groups based on operation typ
95% conﬁdence intervals were calculated using one-way ANOVA testing. p < 0.001 ANOV
ANOVA e analysis of variance; CIe conﬁdence intervals; DL e diagnostic laparoscopy; LA
SD e standard deviation.patient needed surgery, the on-call team of that day performed the surgery and
managed the patient post-operatively.
After discharge, patients’ medical notes were reviewed. Computerised labora-
tory and radiology databases were also interrogated and data were entered into an
electronic spreadsheet. Data were obtained on number and type of blood and
radiological investigations, amount of medications used, length of hospital stay
(LOS) andwhether or not surgerywas performed. If surgerywas performed, the type
and length of procedure was documented. The costs of these components of care
were obtained where possible from relevant departments. Histology results were
obtained and used to determine deﬁnitive diagnoses.
The haematology, biochemistry and serology laboratories provided ﬁgures for
the cost of blood tests. The cost ﬁgures for the haematology and biochemistry tests
were solely the reagent costs and did not account for stafﬁng, building and other
running costs (an accurate costing structurewhich accounts for all ﬁxed and variable
costs in these departments was not available). The ﬁgure for the cost of a C-reactive
protein (CRP) assay included both ﬁxed and variable costs. The casemix department
provided information on the cost of radiological investigations which are speciﬁc to
University Hospital Limerick radiology department. They are calculated on an
annual basis by trained Irish healthcare service casemix staff and include all costs
relating to radiological investigations divided by the number of investigations per
year (capital costs and depreciation are not included). For ultrasound (USS) and
computed tomography (CT) examinations, we additionally incorporated reporting
fees based on ﬁgures obtained from an Irish health insurance company (VHI). Using
this method, costs were as follows: plain radiographs e V64; USS examinations e
V177; CT examinations e V303. The pharmacy department provided details on the
cost of medications. Individual drug costs were not available due to a conﬁdentiality
agreement between the hospital pharmacy and suppliers. However, the pharmacy
provided a cumulative ﬁgure for the overall cost to the hospital for the drugs used.
This ﬁgure did not include costs related to stafﬁng and pharmacy departmental
running costs. For simplicity, medication costs were divided into three categories
(analgesic medications, anaesthetic medications and general medications), thereby
allowing a degree of individualisation of costs. Operation costs were derived by
adding the costs of the equipment, operating theatre time cost and post anaesthesia
care unit (PACU) cost. We used 2010 operating theatre time cost of $30 per minute17
as a measure of operative time cost. This per minute rate was converted to a cor-
responding 2011 value via Consumer Price Index (CPI) conversion18 and subse-
quently to Euro based on an average 2011 conversion rate ofV0.7190 per US dollar.19
This resulted in an operating theatre per minute cost of V22.29. We assumed that
patients spend 30 min in the PACU, corresponding to V58.56. This is based on
published PACU costing data20 with CPI and Euro conversions. Regarding length of
stay costs, the casemix department provided a nationwide average ﬁgure of V1356
per hospital bed-day for Ireland, which reﬂects the total overall average cost of
medical care per day in Ireland and so is not relevant to this study. As a substitute,
we searched for costing details from the private sector. Mount Carmel Hospital (a
private hospital in Dublin) quoted a semi-private bed day cost of V533.94 and a
private bed-day cost of V678.43, which reﬂects solely length of stay. For the current
study, we used the semi-private ﬁgure as the bed-day cost, accepting that this is
prone to some inaccuracy.
Statistical analyses were performed with Minitab version 16. Descriptive sta-
tistics and boxplots were used to summarise costs. Students t test and one way
analysis of variance (ANOVA) (with Tukey multiple comparison testing) were used
to examine differences in mean costs. For all tests, signiﬁcance was set at 0.05.
4. Results
94 patients (M¼ 33, F¼ 61) were admitted with RIF pain during
this time period. 71 patients were under 30 years of age. 62 patients
underwent surgery of whom 14 patients underwent open appen-
dicectomy, 39 underwent laparoscopic appendicectomy (with 3
open conversions) and nine underwent diagnostic laparoscopy.ee open/laparoscopic appendicectomy, diagnostic laparoscopy and none operated.
A.
e laparoscopic appendicectomy; none e no operation; OA e open appendicectomy;
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Summary of total costs displayed according to disease severity
App – appendicitis; DL – diagnostic laparoscopy; perf − perforation.
Fig. 2. Boxplot displaying costs in euro according to whether patients had no opera-
tion, diagnostic laparoscopy only, removal of a histologically normal appendix, removal
of an appendix with simple appendicitis or removal of a perforated appendix.
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Summary of total costs displayed according to gender
Fig. 3. Boxplot of costs in euro displayed according to gender of patients.
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ORIGINAL RESEARCHThere were 53 appendicectomies performed with 42 (79%) positive
for appendicitis on histological analysis (36 uncomplicated
appendicitis, 6 perforated appendicitis). The total number of hos-
pital bed days used was 286 days (186 days in the operated group
and 100 in the non-operated group).
Table 1 outlines the contribution of each of the ﬁve cost com-
ponents to the total cost (blood test costs e V1857; radiological
costs e V6252; medication costs e V3517; surgical costs e
V184,191; hospital bed costs e V152,707; total cost e V348,525).
Fig. 1 and Table 2 summarise costs using operation type as the
distinguishing feature (open appendicectomy, laparoscopic ap-
pendicectomy, diagnostic laparoscopy and no operation). The
Tukey method for multiple comparison testing showed that pa-
tients who had no operation incurred signiﬁcantly lower costs and
that there was no signiﬁcant cost difference between patients who
had operations. Fig. 2 and Table 3 summarise costs by categorising
patients based on histology results (normal appendix, acute
appendicitis, perforated appendicitis) and also includes those who
underwent diagnostic laparoscopy without appendicectomy and
those who had no operation. The Tukey method for multiple
comparison testing showed that signiﬁcantly lower costs were seen
in the non-operated group. Costs incurred by patients who had
uncomplicated appendicitis, diagnostic laparoscopy or removal of a
normal appendix were not signiﬁcantly different although cases of
perforated appendicitis incurred signiﬁcantly more cost than cases
of uncomplicated appendicitis. When costs were examined ac-
cording to patients’ gender, no differences were seen (p ¼ 0.53)Table 3
Summary cost data (in euro) when patients are divided into groups e non-operated, diag
appendicitis. 95% conﬁdence intervals were calculated using one-way ANOVA testing. p
ANOVA e analysis of variance; CIs e conﬁdence intervals; DL e diagnostic laparoscopy;(Fig. 3 and Table 4). Age was positively correlated with cost (Pear-
son’s r ¼ 0.225; p ¼ 0.03) (Fig. 4).5. Discussion
The present study found that the estimated total hospital cost
for managing 94 consecutive patients with RIF pain was V348,524
with an average cost per patient of V3708. Operative cost was the
single biggest contributor to cost at 52.8% of the total cost. This is
the ﬁrst study that attempted to determine the hospital costs
associated with managing all cases of RIF pain, irrespective of the
ﬁnal diagnosis. The calculated cost of management of cases of
suspected appendicitis in our institution is comparable to the ap-
pendicectomy cost in most of the studies mentioned in the intro-
duction. We feel that is important to emphasise that cost
conclusions should be formed based on contemporary studies
performed in one’s own country or in countries with similar
healthcare systems. This particularly true for common conditions
such as appendicitis (as has been highlighted before16) as health-
care system differences may limit generalisability. Thoughwe think
that the internal validity of the current study is high, it is possible
that our low reliance on imaging and blood testing could limit
extrapolation of our results to centres that use more pre-operative
investigations (this low reliance on investigations may also be re-
ﬂected in our relatively high negative appendicectomy rate, though
reasons for this are beyond the scope of this study).
For this cost analysis, we focused on ﬁve key components of
patient care e number and cost of blood tests, number and costs of
radiological tests, amount of medications used, operative costs and
length of hospital stay. We did not intend this to be an exhaustivenostic laparoscopy only, normal appendix removed, simple appendicitis, perforated
< 0.001 ANOVA.
SD e standard deviation.
Table 4
Summary cost data (in euro) incurred by male and female patients.
Gender n Mean SD SE mean
Female 61 3609 2160 277
Male 33 3891 1985 34
SD e standard deviation; SE e standard error.
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snapshot focusing on the key aspects of care that could be altered in
order tominimise future costs. It is not surprising that patients who
needed surgery and those who had more severe disease incurred
more cost. It is also unsurprising that there was no cost difference
relating to gender but that older patients tended to incur more
costs.
There are several limitations that should be highlighted. We
found much difﬁculty in accurately determining individual costs in
this study. A ﬁgure encompassing ﬁxed and variable costs for
haematology and biochemistry tests was not available in our hos-
pital. Rather, these costs were based on equipment and reagent
costs. In contrast, the cost for CRP measurement included both
ﬁxed and variable costs. Radiology costs were obtained from the
hospital casemix21 unit. These ﬁgures are obtained annually in our
institution by a trained casemix team by calculating the total cost
relating to imaging modalities and dividing this by the number of
investigations performed in the year. These costs are highly accu-
rate for the annual running costs of the radiology department.
However, they do not account for capital costs or depreciation.21 In
relation to pharmacy costs, we calculated cost based solely on the
fee that the hospital pays to purchase groups of drugs. This “point of
sale”method was chosen due to its simplicity as we felt that micro-
costing medication related expense was not feasible given the
relatively low overall cost yet high level of detail. Furthermore,
there is no system in place in our institution to allow accurate
costing of operations. The way operation equipment cost was
calculated in this study is prone to error as it was based on the
assumption that similar equipment is always used in similar op-
erations. Our operative theatre time and PACU costs are based on
North American ﬁgures due to unavailability of alternatives. We
used length of stay cost ﬁgures from a private hospital (as no public
hospital ﬁgures were available). This costing estimate proved to be
the most difﬁcult costing ﬁgure to obtain. Though it is under-
standable that the Irish public healthcare system does not have
reliable ﬁgures, this should be a target for the future. Further lim-
itations are that the sample size is small and that the study lacks9080706050403020100
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Fig. 4. Scatter plot showing variation in total cost in euro according to age of patients
in years.temporal cost information e possibly costs are incurred unevenly
with increased costs in the initial part of hospital stay.
In order for hospitals to increase productivity, individualised
and accurate costs should be available for all departments. How-
ever, there are enormous difﬁculties involved in obtaining and
maintaining such data. Casemix21 is an internationally accepted
system that monitors the activity and costs in hospitals with a focus
on different Diagnosis Related Groups (DRGs). This system is
operational in 38 Irish hospitals. It focuses on 12 aspects of cost
(allied healthcare, coronary care units, emergency departments,
intensive care units, imaging, pay, nursing, pathology, pharmacy,
theatre, blood related costs, prosthesis related costs) and four as-
pects of activity (inpatients, day cases, outpatients and emergency
department usage) in order to draw evidence based conclusions on
the provision of healthcare. Our study focused on certain aspects of
the casemix system that could be targeted to reduce cost, but did
not focus on several other categories. As budgeting is central to
future healthcare provision, it follows that accurate costing data is
essential for both deﬁnite and suspected diagnoses. In this manner,
components of cost can be targeted to reduce overall cost. Casemix
teams have a crucial role to play. Based on our suspected appen-
dicitis data, we can suggest several cost reduction strategies. Un-
necessary admissions and unnecessary operations should be
avoided when possible (early cross sectional imaging before
admission is an option). Furthermore, efforts can be made reduce
LOS. The approach to reducing LOS should include streamlining
theatre access for patients with likely or conﬁrmed appendicitis
and expediting discharge (such an approach has lead to successful
outpatient management of uncomplicated appendicitis22).
6. Conclusion
There is a high cost associated with managing suspected
appendicitis in Ireland. Maintaining accurate costing data is of
considerable importance for future service provision.We feel that it
is important to develop strategies to streamline themanagement of
patients with both suspected and conﬁrmed diagnoses and to keep
cost reduction as a central healthcare theme.
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